Summary
Narrowed and rudimentary portal vein branches were observed in the livers of specified-pathogen-free rats which, at the age of 6-11 weeks, showed poor condition and retarded growth. At autopsy abdominal venous dislension and congestion suggestive of portal hypertension and collateral circulation appeared to have developed. The cause of the observations and their significance in view of the use of the rats are unknown.
Among the stock rats of the Central Institute for the Breeding of Laboratory Animals TNO (CPB) retarded growth and poor condition were observed, at a low frequency, among animals of 6-11 weeks old. A striking abnormality observed at autopsy in a number of such rats was a circulation disturbance characterised by abdominal venous congestion and distension. Histologically the intrahepatic portal vein branches Wl~re hypoplastic or even rudimentary. It is the purpose of this paper to present a description of this anomaly and to consider its significance in view of the use of the rats in animal experimentation.
M!lterials and Meth()ds
The animals affected were sp~cified-pathogen-free (SPF) random bred CpbjWU and CpbjOrga rats from the CPB colony. In rare instances the abnormality was observed in the inbred CPB-WE strain.
The institute has 4 breeding units for random-bred rats, each housing about 4000 breeders. Some weanlings are shipped to several experimental laboratories, while the remainder are kept in 2 stock buildings, one for males and the other for females, to the age of 15 weeks. This stock is housed in stainless-steel wire cages designed for 20 rats each. The cages labels indicate from which breeding unit the animals are derived. Drinking water is supplied by an automatic watering system provided with a device for automatic chlorination of the water. The food (SRM-A; Hope Farms, b.v., Woerden, The Netherlands) is sterilized by autoclaving. Both food and water are available ad libitum.
Disease and mortality among the rats a re generally low. All animals showing clinical signs of disease, poor condition, retarded growth or other abnormalities, are autopsied. Weekly one healthy animal from breeding or stock units is completely examined histologically.
Bacteriological examination of clinically healthy animals is regularly carried out.
Materials for histological examination are fixed in 4 % aqueous formaldehyde, embedded in paraffin wax and further processed in the usual way. The slides were stained with haemalum-eosin and with Weigert-van Gieson connective tissue stain. Liver specimens were taken from the middle of the large liver lobes.
The arterial and venous luminal diameter were determined in 21 abnormal rats and in 6 controls. In the portal triads present in each slide, the lumina of the artery and vein were measured with the aid of a Leitz drawing device on the microscope. Glutamate-oxalacetate transaminase (GOT), glutamate-pyruvate transaminase (GPT) and alkaline phosphatase were determined in the sera of 5 diseased and 5 control rats. A colorimetric method was applied based on the use of standard sets of diagnostic reagents (J. T. Baker Chemicals, PO Box ], Deventer, The Netherlands). The rat blood was obtained by cardiac puncture under ether anaesthesia.
Results
The frequency of the lesion is low. On average 9000 rats are weaned weekly. Of these 5500 are removed from their breeding units to the stock houses. In 3 months this produces about 66000 stock rats. Approximately 50-60 % of these are shipped to several laboratories before they are 6 weeks old. Thus roughly 30000 rats of 6-15 weeks old are held in stock for a 3 month period. During the first 3 months of 1976, 187 clinically abnormal rats were autopsied: the lesion was observed in 25 of them (all from stock). Assuming that the distribution of the lesion is even throughout the rat colony, this results in an occurrence of approximately 0,5-1,0 per thousand in our general randombred rat population.
The abnormal animals were in a poor condition, with ruffled coats. Bald areas were regularly observed, occasionally to such an extent that the greater part of the skin was hairless.
At 6 weeks the average bodyweight of the normal rats was 140 and ]20 g, and at 10 weeks 250 and 190 g, for apparently healthy males and females respectively: abnormal rats weighed 40 to 100 g less. Males and females of 6-11 weeks old, from both random-bred groups and, rarely, from one inbred strain, and coming from all 4 breeding units, were thus affected.
At autopsy the veins in the portal area were found to be distended and congested. In extreme cases the diameter especially of the vein running 
Histopathology
The description is based on histological examination of 75 abnormal animals. alongside the colon had increased up to 20 fold. Other distended veins were the mesenteries and the venae abdominales internae located on the inner surface of the abdominal wall. Both the vena cava caudalis and cranialis also appeared to be distended, with the exception of that part of the vena cava caudalis which was located between liver and heart.
The liver appeared to be slightly smaller than normal, the colour was yellowish brown and its surface was occasionally slightly irregular.
The thymus was of normal size or just below, and no other consistent macroscopical lesions were observed.
Clinical chemistry
Values for the 3 serum enzymes are presented in Table 1 . Serum GOT and serum alkaline phosphatase were apparently increased in the abnormal rats.
Rat liver venous hypoplasia
The lobular structure of the liver was not disturbed. Indications of cirrhosis and chronic inflammation were absent. A slight vacuolisation resulting in a foamy and granular appearance of the liver cell cytoplasm was regularly observed. In rare instances the amount of cytoplasma appeared to be less than normal, with prominent nuclei.
Striking abnormalities of the portal vein branches were observed in the portal triads, varying from a distinctly narrowed venous lumen to the presence of rudimentary veins only. In most affected rats this range was present, but in some only rudimentary veins were present, and in a few the veins were narrowed but rudimentary ones were rare.
In 6 normal livers the diameter of portal veins was much larger than that of the corresponding arteries (Fig. 1) . In abnormal livers the venous diameter was only slightly larger than that of the arteries (Fig. 2) . These narrowed veins showed a normally structured wall; the endothelium appeared to be intact and the elastic membrane was clearly visible. Rudimentary veins were seen on cross-section as small groups of circularly-arranged endothelial nuclei (Fig. 3) . Collagenous fibres or a thin elastic membrane indicated the venous wall (Fig. 4) . The localisation of these structures in the portal triad and occasional erythrocytes in the lumen were the features by which these veins could be recognised. Their diameters were less than those of the corresponding arteries.
The arterial and venous diameters in the portal triads of control and anomalous rats were measured histologically ( Table 2 ). The distribution of the values appeared not normal and a non-parametric rank test (van der Waerden, 1957) was consequently applied for statistical analysis. A significant difference was demonstrated between the venous diameters in the livers of anomalous and control rats (P=O'33 x 10-3) but no such difference was seen in the arteries (P=O·28). Because the average venous diameter in abnormal rats is less than that in the normal animals, the capacity of the venous system in the liver must be greatly reduced. From serial sections it appeared that the venous diameter was equal over a distance of about 3 mm of liver tissue. Irregular course of the veins, local structures and thrombosis were not observed. In the arteries next to the rudimentary veins the arterial internal elastic membrane usually appeared to be heavier than it should be in view of the size of the vessel.
In all cases of abdominal venous distension observed at autopsy liver vein hypoplasia was present. However, in a small number of rats in which venous hypoplasia was observed, abdominal venous distension was either absent or only slightly developed. Such rats usually were in a better condition than those showing the fully-developed lesion. Consistent histopathological lesions in other organs were not observed. In a few instances slight hypercellularity of the arterial walls was seen in the heart and the kidneys.
In the histopathological survey of apparently healthy animals no venous hypoplasia was observed.
Discussion
From the morphological appearance of the anomalous veins in combination with the absence of appreciable local or more generalized inflammatory reactions it must be concluded that the alteration of the portal vein branches in the liver is a hypoplasia. The occurence in young rats is suggestive of a congenital lesion. A hereditary cause appeared not probable because venous hypoplasia occurred in rats of different breeds and from all 4 breeding units. No indication was found of any dietary or infectious effect during foetal life.
The abdominal venous congestion and distension observed at autopsy must have been caused by the impeded liver circulation ascribable to the insufficient capacity of the hypoplastic intrahepatic portal vein system.
In man chronic liver disease, predominantly cirrhosis, is known as the most frequent cause of Mullink, Vos-Maas, Bussink & Haneveld circulatory disturbance in the liver, resulting in portal hypertension accompanied by a progressive development of a portal-to-systemic collateral circulation (Ramalingaswami & Nayak, 1970; Staemmler, 1955) . As in man, liver cirrhosis was the most important factor in the development of such a collateral circulation in dogs (Vitums, 1961) .
In other animals portal hypertension without cirrhosis is a rare occurrence (Vitums, 1961) . However, 3 dogs showing a congenital malformation of the portal vein were described by Audell, Jonsson & Lannek (1974) . Collateral circulation in these cases was absent, which was ascribed to the presence of an intrahepatic porto-caval shunt. Such a shunt was not observed in our rats. Furthermore the supposed occurrence of a shunt of some kind in rats is contradicted by the observed collateral circulation.
In man, portal hypertension without any apparent cause is a vexing problem which attracted much attention in the past 10 years. This condition which seems to be widespread in India is characterized by an insidious onset, splenomegaly and repeated attacks of haematemesis, but liver function appeared to be well preserved. Since there is no cirrhosis demonstrable the condition is described as idiopathic portal hypertension (Ramalingaswami & Nayak, 1970; Schiff, 1975) . Histologically there are varying degrees of thickening of the walls of the intrahepatic portal vein branches with narrowing of the lumina.
Sometimes the portal vein branches have thicker walls than the adjacent branches of the hepatic arteries. This microscopic picture of the idiopathic portal hypertension in man is therefore quite different from that observed in our rats. Hypoplasia of the intrahepatic radicles of the portal vein is extremely rare in man and is sometimes considered as an acquired condition, secondary to early thrombosis and recanalisation. In our rats no traces of such an obliterative portal venopathy was detected.
Despite the low frequency of the lesion in the CPB rat colony, at autopsy the abnormality was an ever-recurring observation. This stresses the necessity of a systematic pathological control of laboratory animal colonies. Thorough knowledge concerning the animals and their lesions is helpful in the evaluation of problems in animal experimentation and in the consideration of unexpected results.
In all our observed cases of retarded growth hypoplastic and rudimentary veins were present in the liver. It may be that less severe cases of this abnormality remain undetected. Moreover, at weaning age the described congenital venous hypoplasia can not be clinically recognized.
In both cases, therefore, exclusion of affected rats from experimental groups is not possible. The increase in serum GOT and in serum alkaline phosphatase indicated an impaired liver function, most probably secondary to the disturbed circulation in the liver. Further studies concerning the variation in biochemical parameters and their relation to histopathological findings will be necessary to evaluate their significance.
An examination during life is valuable for quality improvement of rats bred for experimental purposes. Early detection of lesions in the living animal might enable its use as a model for studies on the influence of impaired portal circulation on liver function.
